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@ The invention Is directed to a synthetic fiber 
thermal Insulator material in the form of a flexi- 
ble, conformable, sheet-like structure, which 
stnjcture comprises an assemblage of : 

(a) from about 50 to 100% by weight of slick- 
ened, spun and drawn, crimped staple 
polymeric microfibers having a diameter of 
from about 3 to 12 microns ; 

(b) from about 0 to 30% by weight of unslick- 
ened, spun and drawn, crimped staple 
pdymeric microfibers having a diameter of 
from about 3 to 12 microns ; and 

(c) from about 0 to 30% by weight of synthetic 
polymeric macroflbers having a diameter of 
from about 12 to 50 microns. 

wherein at least some of the fibers are bonded 
or mechanically interconnected one to another, 
and wherein the resultant fiber assemblage has 
a themnomechanical parameter T greater than 
about 0.25 (m2 K/W m)/(mN cm). 
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FIELD OF THE INVENTION 

This invention relates to thermally insulating , textile-based material. More particularly this invention re- 
lates to thin, light-weight, flexible and conformable, thermally efficient insulation systems which can be ach- 
5 ieved by the use of assemblies of fine fibers. 

BACKGROUND OF THE INVENTION 

A synthetic-fiber based thermal insulator tradenamed THINSULATE® has found wide market acceptance 

10 for applications in which the toft and bulk of traditional insulation are undesirable. Typical of such applications 
are: gloves, boots, slim-line ski wear, and dress coats. The synthetic fiber from which THINSULATE is formed 
is a melt-blown polyolef in microfiber that is characterized by relatively low tensile and bending strengths and 
lack of crimp. As the polyolefin microfibers are melt-blown they are deposited on a moving apron to form the 
THINSULATE web. Low fiber strength, lack of crimp, and the tackiness of the melt-blown fibers result in a 

15 web that is, inevitably, thin and dense (typical density is about 3 Ib/ft^). For some applications, this density is 
too great, and crimped, bulking macrofibers are added to the web to decrease the density. The Incfusion of 
crimped bulking fibers to decrease density (or increase loft) in a melt-blown microfibrous web is disclosed in 
Mauser, U.S. Patent No. 4,118,531. 

In spite of THINSULATE's wide commercial acceptance, garment designers, manufacturers, and consum- 

20 ers object to the material's stiffness and resistance to draping. These deficiencies sometimes preclude the 
use of THINSULATE, but more frequently they lead to the use of thinner THINSULATE webs to obtain accept- 
ably low stiffness and adequate drapability. The loss of insulating performance that accompanies such a com- 
promise is, however, very counterproductive. 

Donovan, U.S. Patent No. 4,588.635 describes and claims a synthetic fiber batt thermal insulator material 

25 which comprises a blend of spun and drawn crimped, staple polymeric microfibers having a diameter of from 
3 to 12 microns and polymeric staple macrofibers having a diameter of from more than 12 up to 50 microns. 
The batt has a density of from 0.2 to 0.6 Ib/f t^. This material approaches, and in some cases exceeds, the 
thermal insulating properties of natural down. 

From a mechanical standpoint, it is a matter of experience that extremely fine fibers suffer from def icien- 

30 cies of rigidity and strength that make them difficult to produce, manipulate, and use. Compressional proper- 
ties of such a synthetic insulator material are enhanced by blending in some fibers of larger diameter, but an 
Increase in the large fiber component will seriously reduce the thermal insulating properties overall. 

According to U.S. Patent No. 4,992,327 a synthetic fiber thermal insulator material in the form of a cohe- 
sive fiber structure comprises an assemblage of polymeric microfibers having a diameter of from 3 to 12 mi- 

35 crons and polymeric macrofibers having a diameter of from 12 to 50 microns. At least some of the fibers are 
bonded at their contact points, the bonding being such that the density of the resultant structure is within the 
range of from 0.2 to 1 .0 Ib/f t^ 

OBJECTS OF THE INVENTION 

40 

It is an object of the invention to provide a novel, thin light-weight, drapable insulating material with im- 
proved thermo-mechanical properties. 

It is also an object of the invention to provide a synthetic fiber thermal insulator material comprising an 
assemblage of: 

45 (a) from about 50 to 100% by weight of slickened, spun and drawn, crimped staple polymeric microfibers 

having a diameter of from about 3 to 12 microns; 

(b) from about 0 to 30% by weight of unslickened, spun and drawn, crimped staple polymeric microfibers 
having a diameter of from about 3 to 12 microns; and 

(c) from about 0 to 30% by weight of synthetic polymeric macrofibers having a diameter of from about 12 
so to 50 microns, 

wherein at least some of the fibers are bonded or mechanically interconnected one to another, the density of 
the resultant structure is in the range of from about 0.5 to 4.0 Ib/ft^, and the thermomechanical parameter T 
Is greater than about 0.25 (m2.K/W m)/(mN cm). 

These and oth r objects of the invention will becom mor appar nt in th description below. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graphic representation of compressional stress vs. strain for an Example of the invention and 

2 
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for two Comparative Examples; 

Figs. 2 and 3 are photomicrographs of an Example of the invention; and 
Figs. 4 and 5 are photomicrographs of a Comparative ExampI . 

5 

DETAILED DESCRIPTiON OF THE iNVENTION 

The invention described herein provides an alternative to THINSULATE that has equal or better insulating 
performance and greatly improved bending and draping characteristics. This alternative insulator is comprised 

10 of either (1) a fiber mixture that includes a large fraction of spun and drawn, staple microfibers or (2) only spun 
and drawn staple microfibers. Some or all of the spun and drawn microfibers may be treated with a lubricating, 
water repellent finish, often referred to as a siickener. The spun and drawn microfibers of the invention are, 
in contrast to the melt-blown microfibers of THINSULATE, (1) crimped. (2) elastic in bending, Le., "springy", 
(3) relatively mobile and (4) optionally, lubricated. These differences provide the webs of the invention with 

15 greater loft, a much softer hand, and less resistance to bending. Moreover, the new webs have improved drap- 
ability and improved insulating efficiency on a weight basis. 

Thus, the invention is a unique combination of excellent thermal and mechanical performance. An appro- 
priate measure of thermal performance is the thermal resistance per unit thickness (R/unit thickness), which 
normalizes the experimental data to account for specimen-to-specimen differences in thickness. A high value 

20 of this parameter denotes a superior level of thermal performance. The bending and drapability of insulating 
material is indicated by itsflexural rigidity. Alow value of this parameter is associated with improved conform- 
ability, which is an asset during the manufacture of and in the use of insulated garments. An appropriate para- 
meter to use to express a combination of these two properties is the t hermomechanical parameter T, defined 
as follows: 

25 J _ (thermal resistance /unit thickness 

(flexural rigidity )/unit width) 

This thermomechanical parameter T describes the ability of the insulator assembly to provide thermal insu- 
lation, while at the same time maintaining flexibility and conformability. Moreover, the thermomechanical 
parameter T represents a meritorious value for an insulating material wherein high levels of thermal insulation 
30 and conformability and drapability are required. Superior performance in this regard is represented by a high 
value of T, 

The thermomechanical parameter T can be maximized by increasing the thermal resistance and/or de- 
creasing the flexural rigidity, and both of these individual parameters have natural limits for fiber assemblies. 
The absolute minimum value of thermal conductivity that can be achieved in a fiber assembly is that of a layer 
35 of still air of the same thickness. In the practical range of fiber insulation densities, the conductivity approaches 
this value most dosely at around densities of about 1.0 Ib/ft^ Heat transfer increases at lower densities as a 
result of an increased radiation component and at higher densities as a result of increased conduction through 
the fiber material. Since there is a reciprocal relationship between apparent thermal conductivity and thermal 
resistance, the thermal resistance shows a maximum over this density range, and this represents the optimal 
40 thermal performance on a density-normalized basis. 

The minimum flexural rigidity that can be achieved in any fiber assembly is the sum of the flexural rigidities 
of the individual fiber elements, with the orientation of the fibers being taken into proper account Any inter- 
action between the fibers that inhibits complete freedom of movement so that the constituent fibers are not 
free to act independently increases the flexural rigidity of the assembly, and the degree of interaction, and, 
45 hence, the stiffness, will normally increase rapidly with increasing density. Therefore, the most conformable 
insulator will be that which establishes and preserves the maximum degree of individuality of the fiber conv 
ponents, consistent with an adequate level of assembly integrity. 

Applicants have discovered a combination of fiber selection and batt construction that provides a rela- 
tively thin thermal insulator with (1) unusually high insulating efficiency and (2) excellent conformability and 
50 drapability characteristics. This surprising and desirable result has not before been available and is charac- 
terized by a high value of T, the thermomechanical parameter. More particularly, the insulating material of the 
Invention can be described as an assemblage of: 

(a) from about 50 to 100% by weight of slickened, spun and drawn, crimped staple polymeric microfibers 
having a diameter of from about 3 to 12 microns; 
55 (b) from about 0 to 30% by weight of unslickened, spun and drawn, crimped staple polym ric microfib rs 

having a diameter of from about 3 to 12 microns; and 

(c) from about 0 to 30% by weight of synthetic pdym ric macrof ibers having a diam ter of from about 12 
to 50 microns. 

El ment (c) may comprise single component fibers or multicomponent, preferably bicomponent, fibers, wher 

3 



JSDOCID: <EP 0600844AlJ,> 



EP 0 600 844 A1 

the single component or at least one component has a melting point lower than that of the microf Ibers of one 
or both of elem nts (a) and (b). 

It is preferr d that the resultant fiber assemblage has an apparent thermal conductivity k measured by 
5 the plate to plate method according to ASTM C51 8 with a heat flow down of less than 0.4 Btu in/hr f t^-^'F. Also, 
the resultant fiber assemblage must have a density of from about 0.5 to 4.0 Ib/ft^ and a thermo-mechanical 
parameter T of greater than about 0.25, preferably from about 0.30 to 50. (m2-K/W m)/(mN cm). 

The invention also includes a method of forming useful thermal insulating material, which comprises the 
steps of 

10 (1) forming an assemblage of elements (a), (b). and (c) described above; 

(2) shaping the assemblage so formed; and 

(3) effecting connectivity between some of the fibers at their contact points, 

Microf ibers and macrof ibers for use in the present invention may be manufactured from polyester, nylon, 
rayon, acetate, acrylic, modacrylic, pdyolefins, spandex, polyaramids, polyimides, fluorocarbons, polybenzi- 
15 midazols, polyvinylalcohols, polydiacetylenes, polyetherketones, polyimidazols, and phenylene sulfide poly- 
mers such as those commercially available under the trade name RYTON. 

In general it is preferred that the microfibers are drawn following extrusion to impart tensile modulus of 
at least 70 grams per denier. 

The macrof ibers may be all the same or different material and may be either the same as the microfibers 
20 or different. In an advantageous embodiment of the Invention the microfibers and the macrofibers are formed 
from polyesters. 

The macrofibers can be monoflbers, I.e., fibers having a substantially uniform structure, or they may be 
multi-component fibers having a moiety to facilitate fiber to fiber bonding. The macrof iber may be a fiber mix- 
ture in which at least 1 0% by weight comprises macrofibers of a lower melting point thermoplastic material to 
25 assist the fiber to fiber bonding. In a further embodiment of the invention the macrofibers may be a fiber mix- 
ture comprising multi-component macrofibers and a monocomponent macrof iber capable of bonding one with 
the other. 

In another embodiment of the present invention the macrof iber component may be a mix or blend of mac- 
rofibers having different properties. For example, a macrof iber mix may comprise two or more different fibers 
30 such as a polyester fiber to give the desired bonding and a KEVLAR fiber to give stiffness. The proportion of 
stiffening fiber to bonding fiber may be varied to provide different properties subject to the requirement that 
the proportion of bondable fibers is sufficient for the macrof iber structure to provide an open support for the 
microfibers as hereinafter described. 

Some materials, such as, for example, polyphenylene sulphide fibers, aromatic polyamides of the type 
35 commercially available under the tradename "APYIEL", and polyimide fibers such as those manufactured by 
Lenzing AG of Austria, exhibit flame retardant properties or are non-flammable. Such materials can, therefore, 
impart improved flame or fire resistant properties to manufactured products containing the materials in ac- 
cordance with the present invention. 

Methods of manufacturing such fibers are well known. See, for example, U.S. Patent No. 4,148,103, in- 
40 corporated herein by reference. 

Useful two-component fibers include Type K 54, a sheath/core polyester/polyester materia! available from 
Kanebo, Ltd., of Japan and Type TJ04S2, a sIde-by-side polyester/polyester material and Type TJ04C2, a 
sheath/core polyester/polyester material, the latter two available from Teijin Ltd., of Japan. Other useful two- 
component fibers are available under the tradename CELBOND® from Hoescht Celanese Corp., Charlotte, 
45 N.C., U.S.A. 

The fiber/fiber connectivity in the structures in accordance with the invention is preferably principally be- 
tween the macrofibers and some of the microfibers at various macrof iber/microf iber contact points. Connec-~^ 
tivity may also occur between macrofibers at macrof Iber/macrof iber contact points. Further, there may be con- 
nectivity between microfibers if a mechanical process such as needling or hydro-entanglement is used. 
50 Batts according to the invention are stabilized by effecting connectivity between microfibers, between 

macrofibers, or between macrofibers and microfibers. Such connectivity, bonding or linking can be effected 
by a thermal or chemical process or by a mechanical procedure, such as needling or hydro-entanglement. 

Thermal bonding of batts according to the invention can be achieved by utilizing macrofibers that have 
a component with a lower melting temperature than the material of the microfibers. Under such circumstances 
55 the macrofibers will bond to other microfibers at their contact points or, optionally, to other macrofibers at 
macrof iber/macrof iber contact points. 

Bonding between fibers, especially macrofibers, may be effected by us of ch mical bonding agents. Cer- 
tain solid, powdered, gaseous, or liquid bonding agents may cause fiber bonding. In the alternative, th re are 
certain autologous bonding ag nts which would cause fiber bonding directly through the action of an int r- 
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mediate chemical or physical agent. 

Connectivity b tween microf ibers and/or microf ibers and macrof ibers can be effected by using a needl 
loom according to any of the known needling methods used in the fabric art to cause fibers to intermingle and 

5 intertwine with one another. In the alternative, fibers of such a blend or assemblage can be subjected to the 
impact of high pressure fluid jets. The fluid jets are preferably incident upon the insulator material layer sub- 
stantially normal to the surface. The fluid is preferably water, in which case there is a pressure drop of from 
80 to 100 bar for a Jet nozzle diameter of from 1 20 to 160 microns. Such high pressure jets may be applied to 
both surfaces of the insulator material, either simultaneously or in succession. These high pressure fluid jets cause 

10 the fibers within the assemblage to intermingle and entangle one to another. The amount of kinetic energy applied 
to the jets controls to some extent, up to a limit, the densif ication of the batt layer. Also, the speed of passage of 
the batt under the injectors in unimportant so long as the batt does not nriove too quickly for entanglement of the 
fibers to occur. It has been observed thatunderthe appropriate conditions, entanglementof the fibers occurs rapidly 
and that increased time of exposure to the fluid jets has little, if any, additional effect. 

16 It is within the scope of the invention that the insulating material may be subjected to more than one pro- 

cedure to cause entanglement and/or bonding between the fibers. For example, a batt comprised of microf ib- 
ers and macrof ibers could first be needled and then the needled batt could be subjected to sufficient heating 
to cause the macrof iber component to bond with microf ibers and macrof ibers. Alternatively, a batt with ther- 
mally bonded fibers could be needled. 

20 The particular method of achieving fiber connectivity, bonding and/or entanglement Is not critical, but must 

be carried out under conditions such that structural integrity is imparted to the batt without appreciable Im- 
mobilization of Its constituent fibers. It would be appreciated by one skilled in the art that any appreciable 
change in the macrof ibers or microf ibers during processing will effect the thermal properties adversely. There- 
fore, this procedure needs to be conducted to maintain the physical and thermal insulating properties of the 

25 fiber components and the assemblage as much as possible. 

In a particular embodiment of the present invention bonding within the structure may be effected by heat- 
ing the assemblage of fibers for a time and at a temperature sufficient to cause the fibers to bond. Such heat- 
ing may be at a temperature of from about 260''F to 435°F for a period of from about 1 to 10 minutes and pre- 
ferably at a temperature of from about 285''F to SQO^'F for a period of from about 3 to 7 minutes. These periods 

30 are, of course, dependent upon the material of the macrof iber component 

The microf ibers are crimped to assist in the intimate blending and/or in the assemblage of the two fibrous 
components. Crimping techniques are well known in the art, but the average crimp number is preferably within 
the range of 8 to 20 crimps per inch. The presence of crimp In the microf ibers further assists re-establishment 
of loft in the fiber assembly after compression or wetting. 

35 In a preferred embodiment the microf ibers may have a tensile modulus of from 40 to 90 grams/denier. 

This relatively high tensile modulus contributes to a high fiber bending modulus and assists with the mech- 
anical performance of the material in accordance with the invention. 

The microf ibers may be partly or completely slickened with lubricant. Typical lubricants are aqueous sol- 
utions of organopolysiloxanes, emulsions of polytetrafluoroethylene and non-ionic surfactants. Such lubri- 

40 cants may be applied to the fibers by spray or dip techniques well known in the art. 

The assemblage of macrof ibers and microf ibers may be a batt consisting of plied card-laps although other 
fibrous forms such as air-laid webs are equally suitable. Webs and batts in which some fibers are oriented in 
the through-the-thickness direction as well as in the primary sheet plane may be of distinct advantage from 
a mechanical performance standpoint. Webs and batts of continuous filaments whether bonded, entangled 

45 or otherwise stabilized may be used. 

In the following examples where reported the following tests were employed: 

Density: The volume of each insulator sample was determined by fixing two planar sample dimensions 
and then measuring thickness at 0.002 Ib/in^ pressure. The miass of each sample divided by the volume thus 
obtained is the basis for density values reported herein. 
50 Thickness was measured at 0.002 tb/in^. 

Apparent thermal conductivity was measured in accord with the plate/sample/plate method described by 
ASTM Method C518. 

Compressional Strain: Strain at 5 Ib/in^, which was the maximum strain in the compressional recovery 
test sequence, was recorded for each test. 
55 Compressional Recov ry and Workof Compr ssionandRecovery:Section4.3.2. of Military Specification 

MIL-B-41826E describes a compressional-recovery test technique for fibrous batting that was adapted for this 
work. The essential difference between the Military Specification method and the one mployed is the lower 
pressure at which initial thickness and recovered-to-thickness were measured. The m asuring pr ssur in the 
Specification is 0.01 Ib/in^ wh reas 0.002 lb/in2 was used in this work. 

5 
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EXAMPLES 

COMPARATIVE EXAMPLES 

5 

Comparative Examples 1 to 4 are commercially available products of 3M (Minnesota Mining and Manu- 
facturing Co.) sold under the tradename THINSULATE®. They are representative of "thin insulators" that are 
customarily employed whenever trim garment lines and minimal bulk are desired. As has been discussed 
above, the bending stiffness of this class of insulators is often considered to be undesirably high. Consequent- 

10 ly, an alternative material is offered, also by 3M, that is said to be softer and "engineered for use with today's 
soft drapable outer shell fabrics". Examples of this alternative material, designated by its manufecturer as Type 
M, are described herein as Comparative Examples 1A, 2A, and 4A. 

Physical characteristics of these comparative examples are set forth in Tables I and II below. With regard 
to Comparative Examples 1A, 2A, and 4A, the Type M materials, only the flexural rigidity values are set forth 

15 in Table II. The thermal properties of these samples were not measured since they were assumed to be conn- 
parable to those of corresponding Comparative Examples 1,2, and 4, respectively. 

EXAMPLES 1 and 3 

20 Examples 1 and 3 were made using a production scale card-line, cross-lapper and bonding-oven combin- 

ation. For each of these samples, a quantity of 0.5 denier, 7.5 micron diameter, polyester microf iber that had 
been spun, drawn, cut to a staple length of 1.2 inches, crimped and treated with a polydt met hyisiloxane finish 
was blended with two other fibrous components. One of these additional components was similar to the first 
in that it was 0.5 denier. 7.5 micron diameter, polyester mlcrofiber that had been spun, drawn, cut to a staple 

25 length of 1 .2 inches, and crimped; however, this second component was not treated with polydimethylslloxane 
finish. Both the first and second fibrous components are available under the designation Type D-716 from 
Fiber Industries. The third blend component was 4.0 denier, sheath/core, straight (crimpless). binder macro- 
fiber that had been cut to a staple length of 1 .5 inches (available under the designation Type K 54 from Kanebo, 
Ltd.). The blend ratio was 60/18/22, polydimethylslloxane treated microfiber/non-treated microfiber/binder 

30 macrof Iber, respectively. From this it can be seen that the overall microf iber/macrofiber ratio was 78/22. 

After the fibers were mixed, the resulting fiber blend was carded to form a web, cross-lapped to make a 
lofty batt consisting of multiple web-layers, and passed through an infrared bonding oven having an air tem- 
perature of approximately ZSO^^E The dwell time In the oven was about two minutes. A continuous transport 
belt carried the batt from the cross-lapper, through the oven, and into a fixed-height cooling zone that is es- 

35 sential to the process. In the cooling zone, the transport belt passed over, and was in dose sliding contact 
with, a flat, steel, water-cooled platen. Above the water cooled platen was a 6-inch diameter water-cooled roller 
which could be adjusted vertically. This adjustment was used to vary the roller-to-beit gap to make examples 
of different thicknesses. All examples exited the oven with a thickness greater than the set-dimension of cool- 
ing gap, which compressed each example to its final thicknesses. 

40 

EXAMPLES 2 and 4 

Examples 2 and 4 were made on a hand-sample basis in the laboratory as an expedient to more readily 
obtaining small samples with precise combinations of thickness and volume density. However, Examples 2 

45 and 4 could have been made using the modified production approach described for Examples 1 and 3, as de- 
scribed above. The laboratory fabrication method employed for Examples 2 and 4 began with lofty batts pre- 
viously made on the mixing/carding/cross-lapping/bonding production-line previously described. The lofty 
batts were comprised of the same 60/18/22 fiber blend of Examples 1 and 3, but they had not been subjected 
to any compression while cooling. Lofty batts having the desired areal density were selected and cut into 12 

50 x 12 inch square samples. These samples were placed and centered on a 16 x 17 x 0.4 inch aluminum plate 
and aluminum spacer blocks, approximately 1 x 14 Inches by the desired final sample thickness, were then 
placed on the edges of the plate around the sample. Atop plate of aluminum measuring 16 x 16 x 0.18 inches 
was then placed over the assembly, compressing the lofty sample to the thickness fixed by the spacer blocks. 
The entire assembly was then put Into a bench-top, conductive oven that had been pre-heated to 400*F. After 

55 20 minutes the ass mbly was removed from the oven and allowed to cool for approximately one hour at room 
temperature. In each case, sample thickness, area and weight measurements then confirmed that thickn ss 
and volume density combinations very close to those desir d had be n obtained. 

Th physical characteristics of Examples 1 to 4 are set forth in the following tables: 

6 
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The thermal resistance and flexural rigidity values from Tables 1 and II were used to calculate the ther- 
momechanical param ter T. Th calculated values T and ratios of T for examples of the invention as compared 
to comparative sampi s are s t forth in the following table: 
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In each case the thermomechanlcal parameter is much higher for the material of this invention than for 
the equivalent comparativ example mad using the THINSULATE t chnology, and inspection of the data of 
Table III shows that this difference has two components. The thermal resistanc of the novel material Is slightly 

5 better than that of the THINSUL-ATE, as a consequence of the optimization of fiber diameter within the as- 
sembly, in accord with the teachings of our previous patent. More significantly, however, the flexural rigidity 
of the novel material is much less than that of the THINSULATE material, and this is attributable to the greater 
degree of freedom of motion in a carded assembly of individual staple fibers, as opposed to the high degree 
of sheet-like unification that is found in the melt-blown assembly. In combination these two factors bring about 

10 the wide differentiation between the two materials shown In Table III, and demonstrate the clear superiority 
of the new materials for apparel and related applications. This superiority can be quantified by computing the 
ratios of the normalized figures of merit for the two types of material, and these values are also shown in Table 
III. 

The compressional properties of the insulating materials of Example 2 and Comparative Examples 2 and 
IS 2A were determined. The results are set forth in the following table: 
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Figure 1 is a compressional stress-strain diagram tliat further faciiitates comparison of the compressional 
behavior of Example 2 of the inv ntion with Comparative Example 2, commercially known as THINSUiJ^TE 
C150, and with Comparative Example 2A, commercially known as THINSULATE M150. inspection of the data 

5 of Table (V and/or the stress-strain curves of Figure 1 shows that Comparative Examples 2 and 2A have initial 
moduli that are approximately twice and three times, respectively, that of Example 2. The low modulus of the 
Example of the invention will be manifest to users as a desirable lack of resistance to compression, or as soft- 
ness, and is one of the essential attributes of the Invention. Further evidence of the deslreable tactile char- 
acteristics of the invention is apparent in comparisons of the work of compression (the area under the stress- 

10 strain curve) for Example 2 with that of Comparative Examples 2 and 2A. Compression of Comparative Ex- 
ample 2 requires approximately twice as much work as Example 2 to achieve the same stress level; Compar- 
ative Example 2A requires about 1 .6 times the work of Example 2. The much higher resilience value obtained 
for Example 2 (Table IV), as compared with those for Comparative Examples 2 and 2A, is indicative of a more 
lively, springy feel when compressed and released. This is another important tactile aspect of the invention. 

IS Figures 2 and 3 are photomicrographs of Example 2, taken with a scanning electron microscope (SEM) 

at a magnification of 500X and Figures 4 and 5 are similarly obtained photomicrographs of Comparative Ex- 
ample 2 (THINSULATE C150), also at 500X. The significant structural differences between examples of the 
invention and the comparative examples, which are representative of the previous state of the art, can be read- 
ily seen by comparing Figures 2 and 3 with Figures 4 and 5. 

20 The structure of Example 2. as illustrated in Figures 2 and 3, consists of an array of independent, spun 

and drawn microfibers and macrofibers. The inherent bending elasticity of these fibers, together with the rel- 
ative mobility of the fibers, provides the softness, the springiness and the drapability that distinguishes the 
insulator of the subject invention. Fiber mobility was ensured, in the case of Example 2, by judicious selection 
of binder fiber (macrof iber) type and quantity (as a proportion of the total fiber content), as was mentioned 

25 above. In Figures 2 and 3 it can be seen that bonds actually exist at relatively few macrof iber/microf iber and 
macrof iber/macrof iber contact points. Further, in the case of Example 2. fiber mobility was enhanced by em- 
ploying a lubricating finish, polydimethylsiloxane, on some of the microfibers, also discussed above. Other 
embodiments of the invention, whether bonded by other means, needled, hydroentangled or fabricated by 
some combination of these methods, will be characterized by a minimal number of bonding and/or entangling 

30 sites, and, as a consequence, the fibers comprising the structure will be relatively mobile. 

Figures 4 and 5, which depict the fibrous structure of Comparative Example 2, make evident a very high 
degree of fiber interconnectivity. This interconnectivity immobilizes individual fibers and results in a much 
more unitized, sheet-like structure than the one provided by the subject invention, as illustrated in Figures 2 
and 3. The unitized sheet-like structure of Comparative Example 2 results in an insulating material that, in 

35 comparison to that of the invention, is stiff in bending, stiff in compression, and has a low value of resilience. 

EXAMPLE 5 

A batt material was manufactured substantially in accordance with the method described in U.S. Patent 
40 No. 4,992,327, incorporated herein by reference. The microf iber element was a 0.5 denier polyester blend and 
the macrofiber element was a 4 denier bi-component polyester. The fiber blend was carded into webs having 
a lapped base weight of approximately 3 oz/yd^, i.e., approximately 6 laps of card web. 

Some samples of the batt were subjected to a bonding heat treatment and others were not. 

Individual samples were cut from each batt about 1.5 to 2 feet in length and 12 to 14 inches in width, 
45 The experimental machine on which the entanglement was effected comprised an array of jets coupled 

to a pump capable of providing a pressure drop of up to 90 bar. Nozzle diameter of each jet was 140 microns. 

The jets were lowered to within 1/4 inch of the batt surface and the surface was pretreated to be rendered 
as planar as possible. This pretreatment was achieved by saturating the batt and then compressing it by pass- 
ing between a metal screen belt and a drum immersed in water before passing under the first injector with its 
50 array of nozzles. Three injectors each with an array of nozzles extending across the 14 inch width of each 
sample was designed to treat the batt in succession. The first injector was operated at a somewhat lower pres- 
sure than the last two. The water debouching from the jets was carried away by means of a vacuum slot to 
collect the water after It passes through the structure. Each vacuum slot was approximately 1/4 inch wide and 
operated on a vacuum of approximately 15 bar. 
55 The jets impinged on the top surface only of the batt, and after one pass through the machine, the batt 

was turned over and run under th injectors again so that the jets impinged on the second side of th batt 

The following sampl s wer run: 

Sample 1 was single layer of non-heat set material. 

Sample 2 was a double layer of non-heat set material. 

13 
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Sample 3 was a single layer of heat set material. 

Sample 1 was found to be comparatively hard to wet out The fibers stuck to the screen in the saturator 
and consequently, this was run under the inj ctors without saturation. The resultant fabric layer was a very 
uniform, strong fabric. 

Sample 2 also produced a very uniform strong fabric, with a much increased density over the untangled 
materiaU 

Sample 3 produced a good strength fabric, but had some surface rippling therein, probably due to the 
greater resilience of the partially bonded material. 

The process resulted in a very uniform product and had relatively high processing speeds. 

The resultant product was much more dense than the unentangled batt, had a feel like flannel and exhibited 
excellent thermal properties. 

The material produced was ideally suited for inclusion in gloves, boots and other areas where a non-lofting 
insulating material or fabric is commonly employed. 

The preceding specific embodiments are illustrative of the practice of the invention. It is to be understood, 
however, that other expedients known to those skilled in the art or disclosed herein, may be employed without 
departing from the spirit of the invention or the scope of the appended claims. 



Claims 

1 . A synthetic fiber thermal insulator material in the form of a cohesive fiber structure, which structure com- 
prises an assemblage of: 

(a) from about 50 to 100% by weight of slickened. spun and drawn, crimped staple polymeric micro- 
fibers having a diameter of from about 3 to 12 microns; 

(b) from about 0 to 30% by weight of unslickened, spun and drawn, crimped staple polymeric micro- 
fibers having a diameter of from about 3 to 12 microns; and 

(c) from about 0 to 30% by weight of synthetic polymeric macroflbers having a diameter of from about 
12 to 50 microns, 

wherein at least some of the fibers are bonded or mechanically interconnected one to another, and where- 
in the resultant fiber assemblage has a thermomechanical parameter T greater than about 0.25 

(m2.K/W-m)/(mN'Cm). 

2. The material of Claim 1 , wherein the density of the resultant structure is from about 0.5 to 4.0 \bifi\ 

3. The material of Claim 1, wherein the material has an apparent thermal conductivity k measured by the 
plate-to-plate method according to ASTM C518 with heat flow down of less than 0.5 Btu-in/hr-ft^-^F. 

4. The material of Claim 1 , wherein the microf iber is selected from one or more of polyester, nylon, rayon, 
acetate, acrylic, modacrylic, polyolefins, spandex, polyaramids, polyimides, fluorocarbons, polybenzimi- 
dazots, polyvinylalcohols, poiydiacetylenes, polyetherketones, poiyimidazols, and phenylene sulphide 
polymers. 

5. The material of Claim 1 , wherein the macrof Iber is selected from one or more of polyester, nylon, rayon, 
acetate, acrylic, modacrylic, polyolefins, spandex, polyaramids, polyimides, fluorocarbons, polybenzimi- 
dazols, polyvinylalcohols, poiydiacetylenes, polyetherketones. poiyimidazols, and phenylene sulfide 
polymers. 

6. The material of Claim 1 . wherein the macrof iber is selected from one or more of: 

(i) multi-component fibers having a moiety of facilitate macrof iber to macrof iber bonding; 

(ii) a fiber mixture in which at least 10% by weight of the macrof ibers comprise macroflbers of a low 
melting point material; and 

(ill) a fiber mixture comprising multi-component macroflbers and single component macroflbers capa- 
ble of bonding one with the other. 

7. The material of Claim 6, wherein multi-component macrof ib rs are select d from two-component fibers 
In a side-by-side construction or a sheath/core construction. 
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FIG. 5 
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